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Executive summary 

An increasing awareness of the impact of fossil fuel usage on climate change has resulted in 
energy policies worldwide that support the use of renewable energy sources. Within the EU, 
biomass and the production of biofuel are seen to offer a viable option to reduce greenhouse gas 
emissions, whilst simultaneously improving fuel security, reducing dependency on imports, and 
potentially regenerating rural economies. However, the production of biofuels from EU grown 
feedstocks is ultimately limited by the availability of suitable land, and whilst it is expected that the 
demand for food within the EU for the next few decades will remain stable, the food first paradigm 
in tandem with the drive for an environmentally compatible agricultural industry under the auspices 
of the common agriculture policy, together with due consideration of the impact of land use change 
impose further constraints on land availability.  

The ITAKA project has targeted camelina oil as a highly promising sustainable feedstock that can 
be cultivated within Europe in meaningful quantities and in a timely way that is also scalable. Both 
biofuel and feedstock sustainability have been assessed against the RSB EU RED Standard. 

The low LUC model implemented within ITAKA has thus far targeted fallow land in arid or semi-arid 
regions of Spain, and to a lesser extent Romania. This model recognises that fallowing serves a 
valuable agronomic purpose such that not all fallow land is truly available, and has focused on the 
margin between minimum fallow and actual fallow. The scale up of this approach at EU level 
requires an assessment of potentially available low LUC land that might be targeted including 
fallow, abandoned and contaminated lands. On these lands camelina production can be 
considered to have no or low risk of LUC since it does not displace prior production. 

The objective of this task has been to evaluate the availability of land that is compatible with the 
ITAKA low LUC model and is potentially accessible to scale up EU camelina feedstock production 
on a near to mid-term horizon.  

For fallow land, the area across Europe has steadily decreased from 2002 when it was >11.6 
Mha, to 2013 when it was >6.5 Mha, with many countries showing a high degree of variability. At 
country level, Spain has had the largest area of fallow land with >3 Mha consistently between 2002 
and 2013. Poland, France and Romania were the only other EU member nations with >1 Mha of 
fallow land in at least one year between 2002 and 2013. Hence there are potentially large areas of 
fallow land within the EU and particularly within Spain that, subject to minimum fallow criteria, may 
be available for camelina cultivation. Furthermore, fallow land is considered a near term 
opportunity for scale up since it is probable that the necessary manpower, access to machinery, 
and infrastructure will be available. 

For abandoned land, there is strong evidence for widespread abandonment of farmland in 
Southern and Eastern Europe. This abandonment generally falls into two categories: the collapse 
of the USSR in the early 1990ôs impacted Eastern Europe, and the decline of traditional livelihoods 
and the limited profitability of dryland farming in Southern Europe. However, recent evidence of re-
cultivation on abandoned land in Eastern Europe implies that available land in this region may be 
rapidly declining, and the potential of any abandoned land must be assessed on a site-specific 
basis. Using published NUTS21 resolution statistical data to derive a regional and aggregated 
estimate of abandoned land would suggest that there might be 8.8 Mha of agricultural 
abandonment in the EU, whilst for the same calculation using similarly aggregated but national 
(NUTS0) resolution data would suggest this estimate is decrease to 6.8 Mha. However, land 
abandonment is a complex social, political and economic issue. The presence of large areas of 
abandoned land should be interpreted with caution; many areas may have environmental, 

                                                
1 NUTS2 refers to Nomenclature of Territorial Units for Statistics at resolution 2 
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economic or social limitation that may render them unsuitable for biofuel production. Planned 
development must take into account the site-specific conditions and limitations that may be 
present. 

Contaminated land is recognized as a widespread infrastructure problem of varying intensity, 
significance and risk, which affects the whole of the EU. However, inventories for contaminated 
land are at a nascent stage of development within many EU member states or autonomous 
regions, with aspirational targets for the completion of land audits that stretch many years into the 
future. Current estimates of contaminated land are dependent upon expert judgement and so are 
inherently uncertain, and EU scale information is further fragmented due to a lack of common 
definition of land types between member states. Robust and ratified estimates for the area of 
contaminated land within the EU are unavailable. Information is fragmented and disordered. 
However, based on the limited data available it is likely that the area of contaminated land within 
the EU is significant and possibly in the order 5 to 10 Mha. To expect anything less after a 200 
year legacy of intense industrialization and limited environmental legislation would seem 
unrealistic. 

The second objective of this task has been to develop models that can be used to assess the 
production potential of camelina in the EU. These models have been developed in association with 
CCE and SENASA, and target the defined timeframe of 2017 ï 2025. However, within this 
timeframe, addressable fallow is the only low LUC land category that land will possess the 
necessary manpower, access to machinery, and infrastructure to permit the development of viable 
camelina cultivation opportunities. Camelina cultivation on low LUC abandoned and contaminated 
land is predicted to be significantly more difficult to implement due to the lack of agronomic 
infrastructure, and so is envisaged as mid-term realisable opportunities. Modelling production 
potential for these land types is obstructed by several unknown parameters such as camelina 
productivity, barley to camelina productivity, localized aridity, CAP2 compliance and penetration 
factors that will be location and site. Simple scaling by reference to surface area excludes the 
underlying uncertainties. 

Using the first order assessment model and member state (NUTS0) resolution data, it is estimated 
that the EU camelina oil production potential is approximately 360,000 tonnes/year, which would 
corresponds to a HEFA biojet production potential of 234,000 tonnes/year . This estimate would be 
achievable within the defined timeframe, using just available fallow land, and is based upon 
realisable but conservative estimates of market penetration. 

Whereas using the second order assessment model that is built on NUTS2 resolution data and is 
similarly limited to just fallow land, but which excludes high productivity land (>5 tonnes/ha), 
estimates the maximum EU camelina oil production potential to be approximately 1,104,000 
tonnes/year. This corresponds to a maximum camelina biojet production potential of approximately 
of HEFA 717,000 tonnes/year. However, the estimates in this model do not include a penetration 
factor and therefore represents an upper limit.  

Estimates of co-product volumes are also included. Some co-products are considered to be of 
economic value and are extracted from the field, whilst others considered of low economic value 
remain on the land as agricultural residues. These low value agricultural residues are nevertheless 
worth auditing because they have a high environmental value as soil conditioners. Camelina straw 
represents the greatest quantity of biomass, followed by husks and then seed. These residues 
represent a considerable reservoir of biomass. For example, if just 20% of the estimated 15.7 
million tonnes of camelina straw were to be mobilized as biomass for power or heat generation 
each year, a considerable fraction of the embedded 50 Peta Joules of energy could be utilized3. 

                                                
2
 CAP refers to the Common Agricultural Policy 

3
 Based on LHV for cellulose of 16 MJ/kg 
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1 Introduction 

The use of land for the production of biofuel feedstocks within the EU has, and still is, the subject 
of considerable debate. Concerns about Land Use Change (LUC) and the perception that there is 
a limited resource of unused land on which biofuel feedstock cultivation might be exploited 
continues to be controversial, ill defined, and needs further investigation. 

The ITAKA project4 implements a sustainable approach to the production of aviation biofuel that 
has positive Green House Gas (GHG) lifecycle balance and generates attractive local economic 
incentives. This positive GHG balance addresses both direct emissions from the cultivation of 
feedstock, and the less tangible indirect GHG emissions from land use change. It is possible due to 
the progressive cultivation protocols that have been developed by CCE, and the selection of 
specific land types for feedstock production. 

Within the context of the ITAKA low LUC agronomic models for the sustainable production of 
camelina, the low LUC land broadly consists of three acknowledged categories: fallow land, 
abandoned land and contaminated land. Of these three categories, fallow land offers the greatest 
near-term opportunity for expansion of feedstock production for the simple reasoning that 1) 
registered fallow land (through CAP) is easily identified, 2) the land is probably accessible with 
acceptable logical & transport constraints, and 3) agricultural labour and suitable machinery to 
work the land are probably available. In contrast, abandoned land within the EU is probably 
representative of a mid-term opportunity with less potential than fallow since 1) abandoned land is 
often situated in areas with relatively poor access and/or infrastructure, and 2) it has been 
abandoned due to a combination of economic but primarily social drivers and is therefore deficient 
in local labour or machinery. Hence, it is probable that regional development investments over time 
will be required to improve local infrastructure and develop the necessary resources before it is 
possible to realise the full potential of abandoned land. Whilst the use of contaminated land for 
biofuel feedstock production remains the most uncertain in terms of both timescale and potential. 
Contaminated land represents a highly complex situation since 1) it may involve multiple 
stakeholders including land owners, local industry, local authorities, environmental agencies as 
well as farmers, 2) it requires long term planning as well as site monitoring and reporting, and 3) 
the transference of contaminants to camelina must be evaluated on a site by site basis, and so the 
cultivation viability as well as the economics of production are unclear. Hence for biofuel feedstock 
production on contaminated land there would need to be a coordinated effort that apportions risk 
and benefits For example, local authorities would perceive bringing contaminated land back into 
useful production as a high value/low cost action with positive socio-economic impacts, whereas 
farmers may perceive this same action as high risk/low return.  

The specific assessment of land suitability criteria including soil types, topography, rainfall, climatic 
condition, agriculture background, and regulatory specificities are difficult to identify explicitly as 
they are highly localized in nature. Consequently, a generalized broad scale analysis of suitability 
has been considered, whilst for the exploitation models developed to assess the potential 
opportunities for dry land replication of the ITAKA low LUC agronomic model, national and regional 
barley production data has been used as a proxy measurement with due recognition that in areas 
where production is high camelina will not be competitive. 

The objective of this study is to identify land resources within the European territory where 
camelina might be grown for aviation biofuel feedstock production. However, within this 
assessment, identified land resources are constrained by their suitability and compatibility with the 
ITAKA low LUC agronomic models. Follow on questions such as how quickly might these land 
resources be mobilized into low LUC biofuel production are largely outside the scope of this task 
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as they are dependent upon the development and implementation of regional business models. 
Nevertheless where appropriate, due comment on the potential and constraints have been made. 

The outcomes of this study will help quantify the potential land assets that could contribute to the 
aviation biofuel landscape through duplication of the ITAKA model, and subsequently, the potential 
volumes of sustainable camelina feedstock for the HEFA5 biofuel pathway. This data will help 
inform decision-making and enable projections for future biofuel markets to be developed. 

                                                
5
 ASTM D7566. http://www.astm.org/SNEWS/SO_2011/enright_so11.html  (Accessed October 2016). 
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2 Background 

The ambition of the ITAKA project has been to support the development of aviation biofuels in an 
economically, socially, and environmentally sustainable manner, improving the readiness of 
existing technology and infrastructures. In order to achieve this, ITAKA has targeted camelina oil 
as a highly promising sustainable feedstock that can be cultivated within Europe in meaningful 
quantities and in a timely way that is also scalable. Used cooking oil (UCO) has also been 
considered as an alternative feedstock, and both biofuel and feedstock sustainability have been 
assessed against the RSB EU RED6 Standard. Nevertheless, the production of biofuel, the 
potential for land use change (LUC), and the possible conflict with food are controversial issues 
that raise a number of ethical concerns. Such concerns are plainly highlighted in other published 
studies (Di Lucia et al., 2012, von Witzke and Noleppa, 2014, Durham et al., 2012). To develop the 
context for this deliverable, a collation of background material has been included to frame the 
purpose of this research. This includes a description of current land use, direct and indirect land 
use change, and a brief description of the ITAKA low LUC model. 

 

2.1 Land and soil 

Although often interchanged land and soil are different entities that are intimately linked through 
feedback mechanisms. Soil influences the land cover and consequently land use, and in turn, land 
use impacts on soil. Where unsustainable land management practices lead to soil degradation and 
erosion, detrimental positive feedback mechanisms are likely to be established, resulting in 
sustained loss of production and ecosystem services. Such losses have notable consequences at 
a local, regional and global scale. 

Soil is a complex bio-geochemical system composed of minerals, organic matter, water and air, the 
proportions of which reflect soil-forming factors and processes, such as geological parent material, 
climate and flora and soil fauna, active at a given site. Within Europe, soil resources show diversity 
and spatial variation from the poorly developed soils of the Mediterranean to the organic-rich soils 
of Northern Europe (EEA, 2010).  

The most obvious function of soil to humanity is in the provision of biomass, food and raw 
materials. However, soil crucially acts to regulate the environment, filtering, transforming and 
storing substances such as water, nutrients and carbon (Bridges and Van Baren, 1997, EEA, 2010, 
Louwagie et al., 2011). Consequently, soil has a critical role to play in a wide range of eco-
processes, for example, water management and through the storage and capture of carbon, 
climate change mitigation (EEA, 2010, Louwagie et al., 2011). 

Policy makers and stakeholders are becoming increasingly aware of the importance of soils and 
concomitantly the vulnerability of soils to mismanagement and degradation. Comparison of 
estimates of formation rates of soils, 0.06 - 0.2mm per year (Wakatsuki and Rasyidin, 1992, 
Montgomery, 2007, EEA, 2010), with contemporary global erosion rates for cropland, 0.6 mm per 
year Montgomery (2007), suggest that an order of magnitude difference is likely to exist between 
erosion and production rates for agricultural soils. Therefore, at a human time-scale, it can be 
argued that soil is a non-renewable resource and as such must be carefully managed (Eswaran et 
al., 2001, Gobin et al., 2004). Fundamental to the management and control of soil loss processes 
is land use planning and land use change, which are coming under increasing scrutiny. 

Given societies high dependence upon soil for the production of food and eco-services, it is 
perhaps surprising that at the European level, legislative policy for the protection of soil is uniquely 
missing (cf. Water Framework Directive 2000/60/EC or Air Quality Directive 2008/50/EC). Although 
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a draft EU framework directive7 for the protection of soil was proposed in 2007, after several years 
of discussion with little progress, the European Commission withdrew the proposal in May 2014. 
Nevertheless, when withdrawing this proposal, the European Commission reaffirmed its 
commitment to the objective of protecting soil, and is currently examining other options on how to 
achieve this (http://ec.europa.eu/environment/soil/process_en.htm).  

 

2.2 Current land use in the EU28 

Since 2006, Eurostat has carried out the Land Use and Coverage Area Survey (LUCAS) every 3 
years to identify changes in land use and cover in the European Union. These surveys are carried 
out in situ with field observations being made and registered from all over the EU. Ground survey 
data whilst to some extent subjective offer certain advantages over Geographical Information 
Systems (GIS), and both techniques are required to develop and understanding of land use and 
coverage. 

The published LUCAS survey data from 2012 covers all the then 27 EU countries with 
observations at more than 270 000 points. The latest LUCAS survey captured between March and 
October 2015 surveys all EU28 Member States with observations at a total of 273 401 points. 

The total land area of the EU27 was just over 4.3 million square kilometres (km²) in 2012. 
Woodland covered by far the largest proportion at 41.2%; around one quarter (24.7%) of the EU-
27ôs land area was covered by cropland; while just under one fifth (19.5%) was covered by 
grassland. The remaining relatively small land area was proportioned as artificial areas covered 
4.6%; shrubland at 4.0% and water areas as 3.2%; while the least common forms of cover were 
bareland at 1.5% and wetlands 1.4%. Formal definitions of the land use categories given to 
LUCAS surveyors are documented in Eurostat 2012. 

Summary data for land use and coverage across the whole of the EU27 in the LUCAS 2012 survey 
are shown in Figure 1. LUCAS 2012 land use and coverage survey data for individual EU-27 
countries is shown in Figure 2 and tabulated in Table 1. 

 

 

Figure 1. Summary data for the LUCAS 2012 land use and coverage survey for the whole of the 
EU-27. Source: Eurostat. 
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Figure 2. Lucas 2012 land use and coverage survey data individual EU-27 countries. Data for 
Croatia is unavailable. Source: Eurostat. 

 

 

Table 1. Lucas 2012 land use and coverage survey data individual EU-27 countries. Data for 
Croatia is unavailable. Source: Eurostat. 
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2.3 Land use change and biofuels: Context and contentions  

Over the past 15 year there has been increasing concern over the sustainability and long-term 
viability of energy supplies. The early 2000s were marked by considerable inflation in the price of 
oil, influenced in part by political instability in the Middle East. These issues, combined with 
increasing concerns over climate change and the need to limit CO2 emissions has led to interest in 
the development and expansion of low-carbon and renewable energy sources. 

Transitioning to low-carbon energy supplies is particularly difficult for fuel intensive industries that 
require high energy density fuels. This particularly affects the transport, and especially the aviation 
sector. Nevertheless, the aviation industry has established ambitious targets for both sustainability 
and low-carbon development. The EU has an overall target of a 60% reduction in transport sector 
CO2 emissions by 2050, with aviation contributing by the usage of 40% low-carbon fuels (Mobility 
and Transport, 2011). In terms of emissions, reductions of 75% for CO2, and 90% for NOx per 
passenger km by 2050 relative to 2000, are envisaged (Advisory Council for Aviation Research 
and innovation in Europe, 2011). 

The only viable low-carbon fuel option allowing heavy road transport and the aviation sectors to 
realise these ambitions is biofuels. Historically, biofuels were the primary fuel source for transport, 
through feedstock for animals. Since the mechanization of transport, biologically derived materials 
have been used to supplement conventional oil-based fuels. The majority of biofuels are either bio-
ethanols, sourced from corn, sugar or starch, or biodiesels sourced from vegetable oils. 
Collectively bioethanol and biodiesel are classified as 1st generation biofuels. It is these first 
generation biofuels that have been the primary focus of policy, and controversy, over the past 
decade. More recently, there has been increased attention in 2nd generation fuels derived from 
inedible plant matter, such as woody biomass and crop residues. 

Biomass energy, including power generation, has witnessed considerable growth since 2000, and 
now represents the largest renewable component of nearly every European nation. The uptake of 
biofuels for transport has seen a six-fold increase between 2000 and 2012. Yet bioenergy 
development has not been without controversy. The main criticisms of biomass energy relate to the 
land use changes induced by expanding fuel crop production. These controversies range from 
concerns over life cycle emissions, to the impacts on food production and prices. Although many of 
these issues are still debated, or heavily criticized, they have caused considerable public interest 
and facilitated tighter regulations on biofuel policies. 

This section summarises current research on the interactions of fuel crop developments and 
associated land use change impacts. Key issues such as emissions and food security are 
reviewed, and the interplay with policy is discussed. Due the considerable differences in uptake 
and scale 1st and 2nd generation biofuels are discussed separately. 

  

2.3.1 First Generation Biofuels 

Growth and Trade. First generation biofuels (FGB) is an umbrella term to describe fuels produced 
from conventional food crops, normally referring to bioethanol and biodiesel. Bioethanol is 
generated by fermenting sugars extracted from crops such as corn, wheat or sugar cane. Biodiesel 
is extracted from oil crops such as palm, soy or rapeseed. Both of these are blended with 
conventional oil-based fuels, primarily petrol or diesel, prior to use. Between 2000 and 2012 the 
global consumption of 1st generation biofuels increased by 572 million barrels, a roughly six fold 
increase, see Figure 3 (Energy and Information Administration 2011). This growth was facilitated 
by a range of national and international policies. For example the EUôs Renewable Energy 
Directive (RED) called for 10% of the transport sectorôs energy consumption to be renewable by 
2020. To encourage sector growth the EU has implemented a considerable subsidy package, 
currently estimated at ú8.4 billion annually (International Energy Agency, 2014). 
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Figure 3. Continental Production and Consumption of biofuels, data Energy and Information 
Administration 2011). 

 

In Europe, consumption of biofuels surpassed domestic production in 2006, and continued to 
diverge afterwards. This trade gap was filled by an increase in imports from nations with well-
established agriculture sectors for the relevant fuel crops, in particular the United States, Brazil and 
additional tropical nations. The precise accounting of international trade for biofuels is highly 
convoluted and uncertain. This is due to the versatile usage of many fuel constituents; ethanol for 
example has a range of industrial application unrelated to fuel. Furthermore, variations in supply, 
demand, and taxation regimes result in large year-to-year fluctuations national-scale imports. 
Figure 4 shows the source of EU imports for bioethanol and biodiesel for 2009 and 2010. The high 
level of imports from the United States is mainly comprised of corn and soy-based products 
sourced from large-scale agriculture in Midwestern states. Due to a combination of government 
subsidies and low EU import tariffs it became possible for US companies to export bioethanol to 
the EU cheaper than it could be sold on the domestic market, a practice referred to as dumping. 
This advantage was further exacerbated by the practice of exporting blended biofuels a fuel 
product from the US (duty code HS 2207), but classifying imports to the EU as a chemical product 
(code E90) to qualify for lower import duty. To counter this practice and rebalance the market, in 
April 2012 this the EC classified all ethanol-gasoline blends containing 70% ethanol to 30% 
gasoline as denatured products, and thus unsuitable for human consumption (Regulation 
211/2012). This forced ethanol-based fuels into a more severe fuel duty category increasing import 
tax from 6.5% to ú102 per 1000 litres. These measures were extended in February 2014 by the 
announcement of official anti-dumping measures against the US, these added an additional duty of 
ú63.3 per tonne. These changes initially led to a shift US exports, with a number of traders 
exporting to the EU via Norway to bypass the new measures. Modifications to the Anti-dumping 
measure halted this process in June 2014. Similar dumping accusations have occurred with soy-
based oil originating in Argentina. 
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Figure 4. Origin of EU biofuel imports for 2009-2010. 

 

Direct Land Use Change. First generation biofuels are produced from well-established agricultural 
crops, and require an infrastructure of refineries and distribution networks. Therefore the majority 
of developments have occurred in regions that already possessed these facilities, in particular 
Europe, mid-west America, and Brazil. Consequently, the direct land use change impacts of fuel 
crops have been focussed on farmland. Direct Land Use Change (dLUC) refers to the 
consequences that a development has on the in situ area that is converted to production. The 
primary upshot of converting farmland to fuel crops is that the land is no longer being devoted to 
food production. This has led to criticisms that biofuel expansion has impacted food prices and 
hindered poverty alleviation efforts. 

In the late 2000s, food prices began to increase with major surges occurring in 2005-2008. Over 
this three year period, the International Monetary Fund (IMF) documented increases in a range of 
food price indices, including ~300% for corn, ~127% for wheat, ~170% for rice, ~192% in 
soybeans, and ~200% for palm oil. These increases followed a period of relative stability in food 
prices, and caused a re-examination of efforts to end malnutrition and the impacts of globalization. 
Increase in biofuel production and EU/USA consumption were proposed as (sometimes major) 
contributing factors. However, it should be cautioned that determining the influence of factors on 
food prices and increases, including any relationships with biofuels, is extremely controversial with 
a range of studies and NGOs expressing divergent opinions. This controversy is due to a number 
of statistical issues. Firstly, studies are heavily influence by the time examined, as longer studies 
observe greater cyclic pattern due to the "elasticity" of economics. Secondly, the criteria used for 
the categorization of food are also relevant, as animal feed and other by-products, such as oils, 
can influence results. Finally, the attribution of causation in any statistical study is a complicated 
task, requiring careful consideration and analysis. When studying global economic factors this 
issue is compounded by the dependency and correlation of many variables. For example, oil price 
is a major determinant of fertilizer prices, and of inflation in many nations. Furthermore, in many 
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statistical models (regression analyses) the effects of variables cannot be separated when they are 
correlated, as models will use the strongest predictor, even when other factors may be influential. 

The contribution of biofuel to global food prices is a controversial subject. One of the first widely 
circulated reports concern food price increases was a World Bank report Mitchell (2008). This 
report attributed 70% of food prices increases between 2002 and mid-2008 as biofuel induced 
(Mitchell, 2008). However, this was an internal document not intended for external circulation, and 
was later heavily criticized (Urbanchuk, 2008). In particular, Mitchell (2008) assumed that all of the 
increases in global corn production (2004-07) had gone to US bioethanol, U.S. Department of 
Agriculture (USDA) statistics clarify this be closer to 50%, a difference of 42.6 million tonnes 
(Urbanchuk, 2008). A review of studies modelling the biofuel impact on price fluctuations is given in 
von Witzke and Noleppa (2014) who compared a range of scientific articles and NGO policy 
documents.von Witzke and Noleppa (2014) concluded that there remains considerable uncertainty 
over the precise drivers of food prices, including the potential contribution of biofuel developments. 
However, peer-review studies generally proposed a lower contributions, <5%, than did NGOs who 
typically reported estimate over 25%. This discrepancy was attributed to NGOs being bias towards 
the upper envelope of model predictions, without reporting on the range or variability of potential 
scenarios. Nevertheless, the public debate over biofuels has been heavily bias by the assumption 
that there has been a major impact on food security, with a number of policy changes being 
implemented. 

 

Indirect Land Use Change. In addition to direct LUC, indirect impacts also need to be considered. 
iLUC occurs when a development induces a land use change away from the initial location. This 
generally transpires through a "domino effect" whereby unintended side effects of a development 
incur a series of transitions. The main iLUC associated with fuel crops is increased deforestation in 
the Brazilian Amazon as a result of farmland conversion in Brazil and America to biofuels. 

Brazil has been a major producer and consumer of bioethanol since the 1970s, with compulsory 
blending of ethanol and gasoline introduced as a response to the 1973 oil crisis. Thus, Brazil has a 
well-established biofuel industry regarded as one of the most sustainable, with a long record of 
exports to North America and the EU; (Figure 3 (Goldemberg, 2007)). The quantity of exports 
began to increase markedly in the early 2000s. This growth was seen as one cause of the 
escalation of deforestation in the Amazon basin that occur in the 2000-2005 period, see Figure 5 
(Hansen et al., 2013). However, the impact of biofuel developments on Amazon deforestation 
originated not from the direct conversion of forest to plantations for fuel stock, but rather indirectly 
induced land use changes. As US demand for corn-based ethanol increased in the 2000s a large 
number of American farmers switched from planting soy, primarily used for animal feed, to corn 
(Laurance, 2007). In the same period Argentina, a major global producer of soybeans and beef 
entered a prolonged recession leading to a collapse in exports. These factors combined to 
escalate the global prices of beef and soy (Figure 6). This led to the conversion of a large number 
of Brazilian cattle ranches to soy plantations, with the displaced pastures regained by advancing 
the deforestation frontier, see Figure 7 (Laurance, 2007, Barona et al., 2010, Macedo et al., 2012). 
This process was most apparent in the 2000 to 2005 period, when deforestation in Brazil peaked at 
41,000 km2 per year, Figure 5 (Hansen et al., 2013). The epicentre of both soy-pasture 
displacement and deforestation, was the frontier state of Matto Grosso. In the years 2000-2006 the 
area of soy cropland doubled to 6 million ha, of which 74% was on former pastures with 26% on 
fresh deforestation (Macedo et al., 2012). Further indirect land use changes were caused by 
increasing national and international increases in sugar and bioethanol prices. Pastures in 
southern Brazil were converted to sugar cane plantation to maximise profits, with low land prices in 
the Amazon frontier encouraging deforestation for new rangelands.  
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Figure 5. Annual forest loss total for Brazil from 2000 to 2012, modified from (Hansen et al. 2013). 

 

 

 

Figure 6. Deforestation, tons of soy produced, and number of heads of cattle produced in Mato 
Grosso, Brazil. From Barona et al (2009). 
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Figure 7. Post-deforestation land uses in Matto Grosso and Soy Profitability, from (Macedo et al. 
2012). 

 

The emergence of evidence for indirect land use changes (iLUC) forced a re-analysis of the carbon 
benefit returned by biofuel expansion. The premise of biofuels as a renewable fuel source is that 
CO2 emitted during combustion is reabsorbed by photosynthesis, leading to a balanced carbon 
cycle, minus emissions incurred from production and processing. The time taken for a 
development to become neutral, or beneficial, is referred to as the "carbon debt" this is calculated 
by quantifying the emissions inured by the LUC divided by the annual emissions prevented. The 
carbon debt induced by the direct conversion of land for plantations had highlighted that it was 
counter intuitive to convert high-biomass ecosystems, in particular forests and savannah, to 
plantations (Fargione et al., 2008). However, the emergence of indirect land use changes proved 
more complex to model, as impacts may occur on separate continents following variable time lags. 
Plevin et al. (2010) and Searchinger et al. (2008) estimated that increasing US corn ethanol 
production to the 102 billion litres Congressional target would incur a doubling of CO2 emission for 
30 years, with carbon neutrality not achieved for 167 years. Even when the highly productive 
Brazilian bioethanol industry is considered meeting government targets by 2020 would sustain 
deforestation of 121,970 km2 in the Amazon, culminating in a 250 year carbon debt (Lapola et al., 
2010). iLUC effects are exacerbated as US and European croplands are typically far more 
productive than replacements in other nations, leading to either an expansion of farmed areas or 
loss of production. This will simultaneously increase the use of fertilizers, nitrous oxide emission 
and transport (Plevin et al., 2010). 

 

2.3.2 Second Generation Biofuels 

Whereas FGB have been produced in large quantities for a number of years, increasing focus is 
being directed at the production of Second Generation Biofuels (SGB). SGB are produced from the 
processing of non-edible plant biomass, such as woody or lignocellulosic components. This 
enables a wider range of sources to be utilized, for example crop residues or waste products. The 
advantages of SGB are that there is greater potential in both the amount of energy that can be 
extracted, and a large array of candidate fuel crops.  
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Compared to conventional biofuels SGB are a recent development with limited commercial uptake 
beyond research and development. There is therefore very limited data on production and 
consumption available. This restricts the analysis of the land-use changes that may be induced by 
the development of SGB. The sub-sections below summarise a number of scenarios by which 2nd 
generation biofuels may be cultivated, and the associated potential LUC impacts. 

 

2.3.2.1 Crop Waste Products 

Material residues that remain after the harvest of crops have the potential to be used as biofuel 
sources. Components such as stalks, stems and seed-pods can have high levels of lignocellulosic 
biomass, particularly for crop such as maize. Generating fuels from these resources will have a 
reduced iLUC affect as the primary function of the land, i.e. food production, is preserved. The 
main iLUC impact from waste product use is likely to be increased imports of animal feedstock. 
The intensity of this issue will vary with local practices and economics. Care is also required when 
removing residues from fields. In many localities, stubble is a key land management resource that 
provides perennial vegetation cover reducing erosion and preserving soil carbon. 

 

2.3.2.2 Rotational Farming Cycles 

Many regions, particularly dryland and Mediterranean localities, employ rotational farming 
practices. This typically involves the leaving a field on a 1 in 4-5 year cycle. This purpose of 
fallowing is to allow soil properties such as nitrogen and water to recover, maintaining the fertility of 
the soil. Fuels crops that encourage nitrogen fixation and water retention could therefore confer 
duel benefits of preserving fertility and offering an additional income. This option should have no 
land use change impacts as the current land use is not altered. There could be unintended impacts 
if the prices offered incentives additional fallowing (and fuel crop production) over food crops. 

 

2.3.2.3 Development of Marginal Lands 

Marginal lands are potentially productive areas that are either not in use, or marginally yielding. 
This covers area of abandoned agriculture and contaminated land. These lands are seen as a 
potential solution to land use conflicts, as food producing agriculture and native habitats can be 
preserved, whilst increase fuel crop yields. Indirect land use changes from these categories should 
be negligible as the land is by definition marginally productive at best. The main consideration of 
development in marginal lands is the interruption of ecological succession processes that would 
have resulted in high-values ecosystems, if undisturbed. 

 

2.3.3 Summary 

In summary, second generation biofuels present a challenge for development planning. In order to 
be environmentally friendly and avoid the criticisms of first generation biofuels careful planning of 
developments must be undertaken. Consideration must be given to climate, soils, direct and 
indirect land use change, and social issues. The following sections of this report will investigate 
these issues and present an overview of land suitable for second generation biofuels within the 
EU, using camelina as a candidate crop. Although Camelina is an edible crop, it is widely accepted 
to be a second-generation biofuel feedstock due to low use as a food stock.  
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2.4 ITAKA low iLUC model 

If the production of biofuel feedstock can be demonstrated to cause little or no displacement of 
existing provisioning services, including food, feed, fuel and fibre, then it could be argued that it 
would not trigger a demand-supply imbalance, and the production of the biofuel would cause no 
upward pressure on land-based commodities and would not drive the process of land use 
conversion. It can thus be said to have no or low risk of causing LUC. 

An extensive analysis of iLUC pertaining to the ITAKA agronomic model is given in the sister 
deliverable D5.6, Indirect Land Use Change Assessment Report. This assessment takes into 
account the land use requirements for camelina production (including considerations on yields, 
agricultural model, potential for production on contaminated land, etc.), as well as the different 
uses of co-products. The analysis is not numerical in nature, as the goal is not to calculate iLUC 
factors, it is a qualitative assessment that focuses on the impacts of camelina production practices 
and choices. 

The ITAKA project targeted camelina oil as a highly promising sustainable feedstock that can be 
cultivated within Europe in meaningful quantities and in a timely way that is also scalable. 
Primarily, camelina cultivation has been in the arid or semi-arid regions of Spain and to a lesser 
extent Romania. Both biofuel and feedstock sustainability have been assessed against the RSB 
EU RED Standard8. 

In Spain, camelina is being introduced into cereal rotation schemes within regions of low 
productivity where leguminous crops and other oilseed crops have very low yields. Under these 
circumstances, camelina is proving to be a hardy crop, requiring few inputs and with the potential 
to reduce the level of fallowing and increase overall productivity. In addition, the camelina meal 
produced from the pressed seed could result in a net reduction in animal feed imports and have a 
net iLUC reducing effect. This is in direct contrast to the impact in more fertile and/or less arid 
regions in Spain, where camelina would appear to occupy a role similar to that of rapeseed oil, and 
although camelina is more sturdy, potentially having larger yields on low-rainfall years, yields are 
generally lower than that of rapeseed, In these circumstances camelina becomes competitive with 
food or feed crops, and cannot be said to have net iLUC benefits or low LUC risk. Consequently, 
the micro-level processes that may lead to higher level LUC through displacement dynamics 
depend on the specific context and should be assessed case-specifically.  

The low LUC model progressed through ITAKA has thus far targeted fallow land in arid or semi-
arid regions, whilst also recognising that fallowing serves a valuable purpose such that not all 
fallow land is truly available, it has focused on the margin between minimum fallow and actual 
fallow. The scale up of this approach at EU level requires an assessment of potentially available 
low LUC land that might be targeted including fallow, abandoned and contaminated lands. On 
these lands camelina production can be considered to have no or low risk of LUC since it does not 
displace prior production, or if production of food, feed or fibre is not possible due to contamination 
concerns. Although in heavily contaminated soils, attention should also be paid to potential re-
exposure of humans, animals and wildlife to contaminants through the use of these feedstocks. 

 

                                                
8
 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:190:0073:0074:EN:PDF (Accessed 

October 2016). 
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3 Broad scale assessment of land suitable for the cultivation 
of camelina 

The sustainable development of biofuel resources requires the strategic usage of land resources, 
to ensure that food production and biodiversity are preserved. The availability of land for biofuel 
production is determined by two levels of constraint; Firstly, the land must be appropriate for 
cultivation, both climatically and pedologically. Secondly, the area must belong to an indirect land 
use change (iLUC) category; this encompasses land where conversion to biofuel production does 
negatively affect upon the food production or biodiversity such as fallow or abandoned land.  

This section will present data on the climate and soil characteristics of Europe, and identify areas 
where the cultivation of camelina is possible. This will serve as a precursor to the identification of 
low land-use change potential areas. Firstly, the bio-climate and geographic regions of Europe are 
summarized, presenting a brief overview of conditions on the continent. Secondly, specific 
variables relevant to crop cultivation are assessed and ranked according to suitability for camelina 
production.  

 

3.1 Climatic and biogeographic regions of Europe  

The European continent contains a variety of climatic and biogeographic regions; shown in Figure 
8 and Figure 9. In general, Northern and Western Europe possess an oceanic climate due to 
proximity to the Atlantic Ocean and exposure to prevailing westerlies. Resulting in year round 
precipitation and cloudiness, with moderate summer temperatures and relatively mild winters. In 
contrast, Southern Europe displays a Mediterranean climate with warm dry summers and mild, 
wet, frost-free winters. Continental Europe displays a midway between the north and south, with a 
strong contrast between warm summers and cold snowy winters. Alpine climate are limited to 
major mountain ranges such as the Alps, Carpathians and Pyrenees. 
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Figure 8 Biogeographic regions of Europe. Data sources from the University of Edinburgh (Metzger 
et al, 2002). 

 

Figure 9. Climatic zones of Europe. Data sourced from the EEA9. 

                                                
9
 http://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3 (Accessed October 

2016). 
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3.2 Agronomic Variables 

The productivity and success of arable crops is influence by a variety of environmental factors. The 
climate and ecological characteristics of an area can be used to pre-emptively determine suitability 
for a particular crop. Camelina is no exception to this, and productivity is determined by both 
climate and soil conditions.  

In this section datasets related to climate and soil are summarized to explore the suitability of 
Europe for camelina production. Figures are presented that display the raw data and the overall 
suitability for camelina production.  

 

3.2.1 Datasets 

3.2.1.1 Precipitation: Europe 

European-level data was extraction from the Global Precipitation Climate Centre (GPCC) Version 7 
Precipitation Product. This is a 110-year (1901-2010) record of global land rainfall at 0.5-degree 
resolution. The GPCC collates gauge data from 75,000 stations worldwide, with stations requiring 
a minimum time-series of 10 year to qualify for inclusion. The data is provided as monthly layers of 
total precipitation. 

 

3.2.1.2 Precipitation: Spain  

High-resolution rainfall data for Spain was obtained from the Spain 02.V4 precipitation product 
generated by the University of Santander and Spanish Meteorology Agency. This data is 
generated through interpolation of ~ 2,500-rainfall station across Spain and the Balearic Islands. 
Monthly and daily total rainfall layers are generated for the 1971-2010.  

 

3.2.1.3 Soil 

Pedological data covering topsoil organic matter, topsoil texture, topsoil pH, and soil depth was 
obtained from the European Food Safety Authority (EFSA) Spatial dataset version 1.1 (Hiederer, 
2012). The EFSA Spatial Dataset is a collection of spatial datasets covering factors of interest to 
agricultural productivity (climate, soils crops, land use), provided in a standardized resolution 
(~1km), projection and extent. Soil components of the ESFA are extracted from the Harmonized 
World Soil Database (HWSD) Version 1.1 (Nachtergaele et al., 2008), which for Eurasia is in turn 
extracted from the European Soil Database (ESDB) (Jones et al., 2005). The ESDB is a 
standardized collation of regional and national soil surveys and sampling archives (Bullock et al., 
1999). As such, there is considerable inconsistency in both the number and resolution of surveys 
undertaken by the contributing nation states (Figure 10 and Figure 11). It should also be cautioned 
that whereas many smaller European nations may have a high number of surveys, these can be 
several decades old and thus in need of updating for modern classification systems. Given the 
discrepancies in sampling coverage and methodologies the ESDB is produced in Soil Mapping 
Units (SMUôs) to represent to dominant soil properties for the area.  

Note: Soil Depth is not provided by the EFSA dataset, was so obtained from the ESDB and 
standardized to the EFSA layers. 
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Figure 10. Availability of detailed soil surveys at 1:50,000 or 1:25,000 scale (From Jones et al., 
2005). 

 

 

Figure 11. Availability of 1:250,000 scale soil surveys in the EU (From Jones et al., 2005). 

 

3.2.1.4 Depth to Water Table 

There is currently no EU-wide dataset detailing depth to the water table. Therefore data was 
obtained from Fan et al. (2013). The authors collated a wide range of scientific, government, and 
commercial water table depth records to establish the most comprehensive global database of 
ground water. To generate global coverage, a hydrological model was used to estimate vertically 
integrated lateral groundwater movement at 30-arc seconds (~1km) resolution. For Western 
Europe 78,180 records were identified, locations shown in Figure 12. 
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Figure 12. Location of Depth to Water Table Records, for western Europe, collated by Fan et al., 
(2013). 

 

3.2.1.5 Suitability criteria and classification 

To rank the suitability of these parameters the various layers were classified according to 
information supplied by Camelina Company España (Table 2). Variables were classified into three 
suitability categories with associated scores; A/3- Good), B/2 Medium, and C/1-Acceptable. 

 

Table 2. Suitability Classifications for camelina growth, A-Good, B- Medium, C-Acceptable. 

  A B C 

Soil pH range 7 to 8 6 to 8 5.5 to 8.5 

Planting soil temperature (C) 4 4 4 

Soil depth* 1 > 1m 0,5 - 1m <0,5m 

Depth to water table 0,25-5m 5-20m >20m 

Organic matter in the soil >2% 1-2% <1% 

Soil texture* 2 Loam soil Loam 
sandy 

Clayey 

Notes 

*1 soil depth data is classified by the EFSA into the following categories: A-Very Deep (>120cm), 
Deep (80-120cm),B- Moderate (40-80cm), C- Shallow (<40cm), and non-soil. 

*2 Soil Texture Is classified by the EFSA into the following grain size categories: Very Fine(C), 
Fine(B), Medium Fine(NA), Medium(A), Coarse(NA), and peat.   

 

All precipitation datasets were aggregated into annual values, and the mean annual rainfall for the 
respective periods was calculated. To quantify the ñclimate riskò and uncertainty within the 
precipitation averages a number of metric were calculated. These metrics include standard 
deviation, relative standard deviation (percentage), number of years rainfall levels were good, 
moderate or acceptable.  
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Table 3. Suitability of annual rainfall levels. 

Suitability Rainfall (mm/year) 

Insufficient  0-100 

Marginal 100-150 

Acceptable  150-300 

Moderate 300-400 

Good 400-500 

Excessive 500+ 
 
 

3.2.2 Results 

3.2.2.1 Pedology and Hydrology  

The classified soil/hydrology variables were aggregated into a single suitability layer, shown in 
Figure 13. This highlights the suitability of EU soils for camelina production. Notably, few areas 
were classified as widespread low potential suitability. Only Finland, Scotland and Portugal 
featured national scale unsuitability, due to acidic soils possessing low organic matter. Areas with 
the highest suitability are generally found in Eastern and Mediterranean Europe, with Spain, 
Greece, Estonia and Lithuania demonstrating highly suitable soil/hydrology. 

 

 

Figure 13. Aggregate Score for soil/hydrology suitability Generated as the sum-total of the soil and 
hydrological variable suitability classification 
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